To. USPTO Page 15 of 24* 2005-08-19 15:42:40 (GMT) 1-410-510-1433 From. Thomas Kl Isaacson 

Application/Contml Number: 09/9 1 0.093 Docket No.: 200 ! -<CJ>6 

An LI nil: 265-4 

producing a plurality of electrical signals representing the automaton B, the 
automaton 13 being equivalent to the automaton A without ^-transitions, the producing further 
comprising: 

adding to Efp] non-empty-string transitions leaving each state "q" from the set 
of states reachable from "p" via a path labeled with an : :: transitions ^-transition. 
wherein each state "q v is left with its weights pre-multiplied by an ^-distance from 
state "p" to ;i q" in the automaton "A" to produce the automaton -B^ equivalent to 
automaton A w i thout c transitions . 

20- (Currently Amended) A method of producing an equivalent weighted automaton -B- 
with no ^-transitions for any input weighted automaton - A- having a set. of transitions i: e'\ at 
least one of which is an -transition, a set of states "p", and a set of states "q ? \ the method 
comprising: 

inputting a plurality of electrical signals representing, the weighted automaton A, the 
weighted automaton A further representing a plurality of hypotheses with associated weights; 
and 

producing a plurality of electrical signals representing the automaton B with no e- 
tran sit ions, the producing comprising: 

computing an s -closure C[pj for each state "p" of the input weighted 
automaton "A"; 

for each of the states state "p 5 \ determining 4*e non-j; -transitions from state the 
states "p* ? : 

for each of the states sta+e 'q" having a weight "w" within the computed c- 
closure C|p|: 
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add i tig to outgoing transitions (rum the states "p". i-he non-e- 
tran sit ions leaving each oftiie stales state and 
if stats one of the stares :; q" is pan of a set of final states R and if a 
corresponding one of the states state i: p" is not pari of" the set of final states F: 

defining the corresponding one of the states state "p" as included 
wiihin the set of final states "F :; and-tke a final weight p|p] as pre-® -multi plied by w. 
the e -distance from state n p" ro state n q" in the automaton A to produce the automaton 
B. 

21 . (Currently Amended) A method of removing string terms ;i a" from an automaton A 
having a set of states "p'\ a set of states and a set of outgoing transitions from the set of 
states "p'\ El pi. the method comprising: 

inputting a plurality of electrical signals representing the automaton A* the automaton 
A further representing a plurality of" hypotheses with associated weights: 

producing a plurality of electrical signals representing an automaton B from the 
automaton A, the producing comprising: 

computing an a-ciosure for each state "p" of the automaton A: and 
modi lying B[p| by: 

removing each transition labeled with a string term "a"; and 
adding to Bj p| a non- 5( a" -string transition, wherein each state "q" is left 
with its weights pre-0-multiplied by an a-di stance from stare "p" to a state "q" 
in the automaton A to produce the automaton B . 

22. (Original) I he method of claim 2 1 . further comprising: 

removing inaccessible slates using a depth-first search of the auiomaton A. 
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23. (Currently Amended) The method of claim 2h wherein adding to E\p\ anon-'V- 
string transit i ons transition further comprises leaving q the state "cr with weights (d| p r q | (FD 
p[q]) 10 E[p]. 

24. (Currently Amended) The method of claim 21. wherein the step of computing of an 
a-closure for each inp ut state "p" of an input automaton A further comprises: 

removing all transitions not labeled with a string "a" from automaton A to produce an 
automaton A a ; 

decomposing A-, into its strongly connected components; and 

computing all-pairs shortest distances in each of the strongly connected components 
component visited in reverse topological order. 

25. (Currently Amended) The method of claim 2L wherein the $tep-of coin puling of an 
a-closure for each-mptrt state "p" of an input automaton A further comprises: 

decomposing A a into its strongly connected components: 

performing a single-source shortest-distance algorithm according to the following 
pseudo code: 

for each pr Q 
dod|p]<- r|p( < — O 
d[sl - r|sl - T 
is} 

while St 0 

do q «— head fS] t 

D!£QLL-i:i- (S) 

r^r|ql 
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for each e c" E|q[ 

do if d| n| el | 7 d[n|.e|] © (r ® w[e|) 
then d|n|e| | d|n|e|| © (r © w|e|) 
i |n|e l | — r|n[e1| © (r ® wjc|) 
if nfe] e S 

then ENQUEUE (S s nje|) 
d[s|- "T 

26. (Currently Amended) The method of claim 2 1 , wherein the step-ef computing of the 
a.-closure for each slate "p"' further comprises computing each of the a-efosures according to 
the following equation: 

C|p] - ttq s w) : q e a[p], d[p ? ql - w e K — {O}}. 

27. (Currently Amended) The method of claim 26. wherein the step of modifying of 
outgoing transit i ons of each state "p" E [ p] further comprises modifying the outgoing 
transitions of each state f "p ? - according to the following procedure: 

m for each p s O 

<3) do Efpj< {ee E fpj : i[e j * a} 

{^j for each (q.w) = C/pj 

{4) do FJf)]^- Efpj L ;([?mav Q \v\,r) : (q, a. \v\ r) & Eft/f.u 



iff; r E 



then if /? g E 



then F^-FU //>/ 



/'//V <-p[pl®ra>®pfa]k 
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28. (Currently Amended) The method of claim 27, wherein a state is a final state if" some 
state ; *q" within a set of slates reachable from l "p ,? via a path labeled with an empty siring is 

final and 44*0 a final weight is then: ^< l,'W 

29. (Original) The method of claim 28. further comprising: 

performing a depth-first search of the automaton A after removing the "a" strings. 

30. (Currently Amended) A method of removing empty string terms from a transducer A 
having a set of states "p'\ a set of states "q", and a set of outgoing transitions from the set of 
states "p'\ £| p| ? the method comprising: 

inputting a plurality of electrical signals representing, the transducer A; and 
generating a plural try of electrical signals representing a modified transducer A bv: 
computing an s -closure for each sme of the states "p" of the transducer A; 
modifying B[p| by; 

removing each transition labeled with an empty string; ami 
adding to the Efp] a non-empty-string transition, wherein each state of 
the states "q" is left with its weights prc-multiplied by an e-di stance from state 
a corresponding one of the states *"p" to a respective one of the states state "q" 
in die transducer A to generate the modified transducer A . 

31. (Original) The method of claim 30. further comprising: 

removing inaccessible states using a depth-first search of the transducer A. 
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32. (CurrcntU Amended) flic method of claim 30. wherein adding to E|p| non-empty - 
string transitions further comprises leaving the states q with weights (d|p.q| 0 p|qj) to I'|p|. 

33. (Currently Amended) The method of claim 30, wherein the stop of comput ing of the 
k -closure for each input state of the states "r) v of an input the transducer A further comprises: 

removing all transitions not labeled with an empty string from transducer A to 
produce a transducer A?/ 9 

decomposing A^ into its strongly connected components; and 

computing all-pairs shortest distances in each component of the strongly connected 
components visited in reverse topological order. 

34. (Currently A mended) The method of claim 30. wherein the st e p of computing of the 
si-closure for each input state of an input of the states "p" of the transducer A. further 
comprises: 

decomposing A c into its strongly connected components: 

performing a single-source shortest-distance algorithm according to the following 
pseudo code: 

for each pe Q 
dodfpl— r[p]-0 

dfsl - r[s] - T 
S - {s} 
while S 4 0 
do q <- head [ SI 
.DEQUEUE (S) 
r< r[q| 
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r[q|-0 

tor each e £ H|q| 

do ifd|n|c|[ / cl|n|c|| & (r 0 \vjc'|) 
then d|nj>|| *- d|n|eJJ © (r © w[ej) 
r[n|c"|] <- rfnfe]] © (r ® w|e|) 
if n|e| e S 

then ENQUEUE (S 5 rife]) 
d[s]^ ~T 

3 5 . (C u r re nil y A n ic n d ed ) Th e m eihod o f c 1 a i m 30, wh e re i n th e step of coi n p u 1 i n g of th e 
e -closure for each ^t&te of the stales "p 5: further comprises computing each the e-closure 
according to the following equation: 

C[p] = i(qAv) : q e s\pl d\p,q) = w e K— {6} }. 

36. (C u i re n 1 1 y A mei i d ed ) T1 1 e m e th o d o f claim 35. \v h e re i n th e r»tcp of mo d i fy i n g of the 

outgoing transitions of each stat e of the states "p :? further comprises modifying the outgoing 

transitions of each ^ate-p of the states "p ' according to the following procedure: 

£4-} for each pe O 

W do E[pJ <- fe e E [pj : i[e] * c) 

(3-) for each (q. w) <e~ Cfpf 

f-H do EfpJ*- Efp] L ((p.a.w 0\v \n : (q. a. w \ r) c EfqJ.a *t:} 

^ ifr/e-F 

(6) then if p 0 F 

& then F 4—F U [pj 

p/pj +~p/p/&ffO ®plqj>. 
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37. (Currently Amended) The method of claim 36. wherein a. state is a final state if some 
state "q" within a set of states reachable from a corresponding state "p" via a path labeled 

P\P\= © (Al>:<l\®fA<l\) 
w ith an empty st ring is linal and the I ma I weight is then: ,/L 

38. (Original) The method of claim 37. further comprising: 

performing a depth-first search of the transducer A after removing the empty strings. 
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